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SUMMARY 



The cooling of a Franklin 6-AC-i!93 horizontally 
opposed cylinuer air-cooled engine Installed in a 
Pleetv^ings m.odel 3.3 trainer has been investigated in 
flight at the request of the Army Air Forces, Materiel 
Coinmand, The present report was v\^ritten in response to 
several inquiries as to t?'e cooling characteristics of 
this type of engine. 

The cov^^ling on the airplane as received did not 
provide satisfactory cooling. The cowling was altered 
in sex'-eral steps and cylinder baffles installed in an 
effort to improve th.e cooling of the engine and tests 
were conducted over^ a wide range of engine, airplane, 
and cooling conditions from sea level to 10,000 feet 
altitude. Ground, climb, and level-flight tests were 
made. A complete description of the cowling and baffle 
alterations is given in the report. 

The results of the tests showed that with the 
cov/ling inlet relocated' as in the new design behind the 
active part of the propeller the highest total pressure 
In the inlet v;as about 0.8qo greater than that in the 
free stream. Available pressure differences across the 
cowling, total pressure at the cowling inlet minus 
static pressure at the cov/ling exit of S.lq^ with a 
30^ flap angle and 1.8qo '^ith a flap angle of 0^, 
were obtained at high values of propeller-power coeffi- 
cient. At low values of proneller-nower coefficient 
these values decreased to l.h and Ic^j, respectively. 
The loss in total pressure from the cowling inlet to 
the upstream face of the engine was roughly 0.2q^ and 
the loss from the downstream side of the engine to the 
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cowl.lng exit was negligible. Cooling was shown to be 
adequate in level flight and probably adequate in climb 
and on the ground. No definite conclusion could be made 
for the latter two conditions because the tests were 
terminated due to •'insat isf actory engine operation and 
the data were therefore limited* The cooling-pressure 
drops were as high as could be obtained without auxiliary 
boosting such as use of a fan. Further improvement in 
cooling of the subject power-olsnt installation requires 
some means other than cov/ling design. 



BITRODUGTICN 



The cooling of a Franklin 6-A.C-298 horizontally 
opposed cylinder air-cooled engine installed in a 
Fleetwings model 53 trainer was investigated in flight 
at the Langley Tvlemorial Aeronautical Laboratory during 
Kovem.ber and December This investigation was 

•undertaken at the reqi^.est of the Army Air Forces, 
Materiel Command. Due to higher priori t^?- of other 
work no final report was written of the results at the 
completion of the tests. The present report has been 
written in response to several recent inqT?.iries as to 
the cooling chai*actei*i sties of this type of engine and 
installation. 

The original cowling I'or the o-AC-290 engine in 
the Fleetwings airplane using inlets above the center 
line of bhe cylinders, having no baffles, and dis- 
charging the air from^ below the cylinders through side 
and bottom outlets was roper t-3d by the contractor as 
providing unsatisfactory cooling* The tirye of cowling 
used in the original Fleetwings installation is unsatis- 
factory from an aerodynamic standpoint. The inlet-air 
passages are small and the high-vblocity flow undoubtedly 
causes high pressure lo3?5es. The ^mbaffled spaces 
between cylinders allc.v a large flov/ of air that 
accomplishes no cooling and the air that does flow 
through trie fin passages separates from the cylindoi' at 
the sides and fails to reach the downstream side of the 
cylinder. The ram tlat can be obtained in the inlets 
as originally located is also much lower than can be 
obtained with a single inlet below the prcpelier-thrust 
axis and behind a more active r^art of the propeller 
blades . 
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Tlie object of this report is to describe a new 
cowling and cylinder baf.fles designed and constructed 
under the direction of the NAGA with the object of 
^ obtaining the niaxlmum possible cooling and to present 

:^ resTilts of flight tests made to determine the cooling 

I obtained. The flight tests 7;ere conducted by personnel 

of the Fleetwlngs company under the direction of 
Mr» Carl DeGanahl. Tests v/ere made over a large range 
of engine and flight conditions from altitudes of 
1000 to 10,000 feet. The instrumentation used to obtain 
the data was limited due to the size of the airplane 
and the time available for the testing. Although the 
instrumentation is not considered adequate for obtaining 
the best results for cooling tests, the results are 
considered satisfactory from the standpoint of providing 
an aid to designers of airplanes using this type' of engine. 



SYMBOLS 

A flow area at va?''ious stations, feet^ 



a 



velocity of sound in air ^14.9.2^/?^ + 4-60 i, feet 
per second 



C a constant 

D propeller diameter, feet 

d engine -pis ton displacement, inches'^ 

compressibility factor, f 1 4. ii-. + _ 1 

\ h- ho / 

g acceleration due to gravity, feet per second per 

second 

H total pressure, pounds per foot^ or inches of water 

Irp^ indicated 'horseDov/er of engine at temperature, Tg, 

I/^ indicated borsenower of engine at tem.T)erature 
of 60^ P 

K a constant 

M Mach number, v/a 



9 constant 
engine speed, rpm 
a constant 

hrake power of engine, foot -pounds oer second 
pr ope 1 1 e r - powe r c oe f f i c i e nt f P / p ^ ^ 
static pressure, pounds per f oof- 
back rressu.re cn engine, inches of mercury absolute 
manifold nressure, inches of .mercury absolute 
dynamic pressure, poxinds per foot 
indicated dynamic pressure, pounds per foot'^ 
propeller thrust, pounds 

cooling-air and carburetor-air temperature, 
average cylinder-barrel temperature of engine, 
thrust coefficient (t/p^V^^D^) 
effective gas teir.perature , 

ef fective-^as temperature at 0^ F carbure tor-air 
temperature, ^^P 

average cylinder-head temperature of engine, 

cylinder-wall temperature, ^F 

velocity, feet per second 

weight of cooling air flowing over engine, pounds 
per ho^ir 

a constant 

cooling-air pressure drop across cylinder heads 
or c^'linder barrels of enp:lne , inches of water ^ 
(H2 - H3) 



it^ temperature rise of cooling air across engine, 

a angle of attack of airplane 

A denotes increment 

n propeller (Efficiency (TVq/P) 

p density of cooling air, slugs per cubic foot 

p standard air density, slugs per cubic foot 
^ (0.0023^^8) 



Pi, 2 



mean density of air between stations 1 and 2, 
slugs ner cubic foot 



p^ ^ mean density of air between stations 2 and 3, 
slugs per cubic foot 



'2,5 



m.ean density of air between stations 5 and Ij., 
slup-s per cubic foot 



^2 {^z^^s) 

fmep friction mean effective pressure, pounds per inch"^ 

fhp friction horsepower 
Subscripts ; 

0 free -stream condition 

1 station at duct or cowling entrance 

2 station at face of engine 

3 station at rear of engine 

I4. station at flan hinge 

5 station at fla^- exit J 

These subscrirts are used to define H,* p. A, q, 
and p at the various stations in the duct system. 



See figure I6 
for station 
nosi tions . 
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AIRPLANE ALTERATIONS 
Cowling and Installation Changes 



The details of the original and redesigned power- 
plant installations are sunmari^ed in table I. Fig- 
ures 1 and 2 shov; the airnlane, which is a low-wing 
two-place monoplane "^^/ith the original cowling and pov/er- 
plant installat.ior . The airplane was equipped with wing 
flaps and a two-blade fixed-pitch propeller, 
design YoFA^If. The power riant vvas a Franklin hori- 
zontally oppossed six-cylinder ^^-AC-298 unsupercharged 
air-cooied engine rated 130 brake horsepower at 2550 ^'P^ 
at sea level with a manifold pressure of 2Q.92 inches 
of ^.ercury and a carburetor-air teiTjperature of 6o^ F. 
The compression ratio, bore, and stroke of the engine 
are 7 si, '^.?5 inches, and 3*5 inches, respectively. The 
airplane was eqainped with dual Eismarjn. ignition and 
with two Ivlarvel carburetors. The carburetors were 
equiored with nianual mixture control. 

In the original installation, configuration A of 
table I, the ccoDing air entered two srrall openings in 
the nose of the cowling behind the blade shanks (see 
figs, 1 and 2), passed over the cylinders from top to 
bottomland then out openings at the sides and bottom of 
the cov/ling below the engine* The reservoir between 
the tops of the cylinders and the top surface of the 
cowling was not \rery large and there was a chance of 
having some velocity head in this space which v/ould 
cause poor cooling-pressure distribution from cylinder 
to cylinder. The space betv/een the bottom of the 
cylinders and the bottom surface of the cowling was 
crowded with engine accessories, carburetor heating 
ducts, and two oil coolers which interfered with the 
passage of the ccoliii..^ air from the cov>rling. Further 
details of configuration A are given in table I. 

Th.e first step in improving the cooling of the 
engine was to redesign the cowling. The altered 
cowling, as shown in diagrairmiatic form in figure 3, 
v\^8s designee? at this Laboratory in cooperation with 
representatives of the Fleetwings Company to take the 
cooling air 8nd carburetor air in one large opening in 
the lower half of the cowling nose and discharge the 
cooling air at the top rear of the cowl skirt. This 
t^rpe of top cutlet was considered satisfactory on 



this particular power-plant j.nstallation as it was being 
developed for a pilotless airplane. P'or a normal 
arrangement outlets should be carried around to the 
sides of the cowling to avoid ol3. from the engine 
impairing the pilot^s vision through the v/indshield. 
The direction of air riov; across the engine was reversed, 
as compared to bhe original installation, because the 
space below the engine was much larger than that above 
the engine thus forming a large pressure chamber below 
the engine in v/hich the velocity of the air was small. 
The pressure distribution across the cylinders would 
therefore be more uniform that if the air was discharged 
from a small snace as in the original installation. The 
inlet opening was located as lov/ as possible in the 
cowling nose in order to take advantage of a possible 
increase in front nressure due to the open'ng being behind 
the airfoil section of the propeller. Views of the 
cowling outline for configuration A. (see table I) and 
the inlet are shown in figure 4. and a close-up of fche 
inlet in figure 5* ^ close-up view of the compartm.ont 
below the engine with the new installation is given in 
figure 6. 

The size of the inlet opening was determined from 
the estim.ated quantity of cooling air and caroru^etor 
air required by an engine of a little greater horse- 
power than the r^ted power of the engine in the airplane, 
because of possible future increases in power, and the 
cooling iir required by the oil coolers at 12,000 feet 
altitude. The design was based on the ass-umption that 
the velocity in tne inlet would be limited to one -half 
the velocity of the airplane at that altitude. This 
gave an area of II5 square inches. The size of the 
cowling exit for adeq-^ ate cooling could not be determined 
accurately because the cooling characteristics of the 
engine wore unknown. For this reason three sizes of 
exit opening wer-e tested: i+l (configuration B), 
75 (configurations C, D, E, P, and G), and 155 (con- 
figuration K) square inches. Configuration H also 
included a fixed flap (figs. 5 and 7) set at a 30^ angle 
to the cowling surface. Extreme care was taken to seal 
the ccmpartm.ent below the engine from that above the 
engine c 

In addition to altering the covvling the oil coolers 
below the engine were replaced v/ith a- single large cooler 
slung below tho fuselage .-^"ust aft of the cowling skirt. 
Although the oil cooler is an important part of a power- 
plant installation, the present tests only involved the 
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cooling, of the engine itself • cooler installation 

was only a teiriporary neans of cooling the oil during the 
tests. Other clean-up of the space below the engine was 
made including the installation of a nev\' carburettor duct 
system as shewn in figures 3 sind 6. The nev; carburetor 
duct sjT-stem was arranged such that cold air or ]'iot air 
could be taken into the engine by operating a linkage C 
(fig. 5) 'v7h:ch held either free-swinging door A or 3 
shut. Cold air v;as taken in a duct at the Inlet opening 
of the cowling. (See figs. 5, 5, snd 6.) The hot air 
v/as obtained by connecting ducts to shrouds aromd the 
exhaust -oipes (figs. 3 snd 6), the inlets bo the shrouds 
being open to the chamber helov^ the engine . The duct 
s^.'stem was equioped with a backfire arrangement such 
that when a backfire occurred the free -swinging doors A 
and 3 would close against door stops and a backfire 
door E (fig. 3) would open. The use of this system 
cleaned up the space below the engine appreciably. 



Cylinder Baffles 

The enp:ine was not equipped with cylinder baffles 
in the original installation (configuration A, table I). 
A set of baffles was m;ade, as shown in figure 8 and 
diagrarjmatically in figures 3 and 9* which fitted tight 
against the fin tips at the rear of the cylinders, the 
space between the cylinders being closed to the passage 
of air by the baffles. The exit area of the baffles was 
made 1.6 times the free-flovv area betv/een the fins. 
These baffles were used with all of the altered cowling 
configurations. Several baffle modifications were 
tested based on the results of bhe tests ,vith the 
cylinder baffles. These modifications included spark- 
plug baffles, a blast tube, and baffle ducts. The spark- 
plug baffles were plates placed over the large cut-outs 
around the spark plugs in the original cylinder baffles 
(fig, 10(a)), the idea being to keep high- velocity air 
in contact with the cylinder for a greater distance 
aroijind the cylinder. The blast tube directed cold air 
on to the spark nlug. The baffle ducts (fig. 10(b)) 
carried air direct from the pressure chamber below the 
engine to the hot sides of the cylinder heads. Further 
details as on what cylinders the baffle m.odif ications 
were used and with what cov/ling configuration are given 
in table I. 
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COOLING TiiSTS 
Ins triiruentat3,on 

:^ 

^ Temperatures of the cylinders vvere measured by 

56 thermocouples located as shown in the sketch on 
figure 11 o Six of the thermocouples were gasket- type 
thermocouples under the spark-plug flange, six were 
embedded thermocouples in the barrel flanges, and the 
other 2[|. were embedded or spot-weldod thermocouples 
evenly distributed over the front and rear of the barrels 
and heads of the cylinders. Two sets of three thermo- 
couples, each set connected in series, were used to 
measure the temperature of the cooling air issuing from 
the baffles, one set on each side of the engine. Each 
therm.ocounle of a set was located directly behind a 
cvlinder as shown in figure So A thermocou-ole was 
located on the antenna strut shovm in figure The 
temperature recorded hv this thermocouple was used for 
the inlet-cowling air and the carburetor-air temperatures. 
A thermocouple was nlaced in the carburetor duct but the 
temperature recorded was so close to the antenna-strut 
temperature that the latter ^jvas used for the carburetor 
temperature as noted. Thermocoiiples v\^ere also used to 
record the temperatures of the magnetos, accessory com- 
partment, a three-way gasoline -dis tribut ion valve in 
the accessory compartment, a gasoline strainer, and the 
oil pump in order to insure safe operation. The three- 
way valve and strainer temperatures were obtained because 
there was some Qi^estion as to whether vapor lock was 
present at times in the gasoline line. The thermocouples 
were made of iron-constantan v/ire and Vi^^ere led back to 
the rear cockpit where they were connected through 
selector switches to a milli voltm.e ter shown in figure 12. 
The temperature of the rear cockpit was used for the 
cold- junction temperature and was measured with a liquid- 
in-rglass thermometer. (See fig. 12.) 011-in and oil-out 
temperatures of the engine Y^eve obtained with resistance- 
type bulbs connected to milli voltmeters in the front and 
rear cockpits. 

A schematic layout of the locations of the pressure 
tubes placed on the airplane is shown in figure 15 . 
Rakes of total- and static-pressu.re tubes as shown in 
figure 5 were used to obtain the pressures in the cowling 
inlet. Two rakes of tubes were used to obtain the pres- 
sures in the exit slot of the cowling. (See figs. 7(b) 
and 8.) Front-baffle pressures and rear-baffle pressures 
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Y^eve measii.red with tot al^pressure tubes located In the 
manner shown in figures 3 and 9* Although the rear- 
baffle pressure was obtained with an open-end tube, the 
velocity head at the point of measurement was negligible 
and for that reason rear-baffle pressures have been 
designated in figure 15 with an which denotes static 
pressure. The tubes were led back to the rear cockpit 
to a junction board shown in figure 12, 

In addition to these measurements instruments were 
provided as shown in figure 12 for obtaining the altitude, 
engine speed, oil pressure, airspeed, manifold pressure, 
and fuel- air ratio. 



Reduction of Data 

Engine -cooling char a cteristics > - A relation between 
cvlinder temperatures ana engf.ne and cooling conditions 
from which the cooling characteristics of an engine can 
be determined with a minimum amount of testing has been 
derived 5n reference 1, Py use of this relation the 
otherwise necessar;/ but unattainable requirement of exact 
dunlication of all cooling conditions in successive com- 
parative flight tests is avoided and the results can be 
presented in a general form from which performance can be 
estimxated for conditions not actually flown. This rela- 
tion is given below. 



~ ^ = K — i (1) 



whe re 

cylinder-wall temperature, 

cooling-air temiperature , 
Tp. effective gas temperature, 
K,m,n» constants 

I indicated horsepov;er of engine 

AH cooling-air pressure drop across heads or barrels 
of engine, inches of water (H2 - ) 
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total nressure at front of heads or barrels of 

engine, inches of v;ater 

total pressure at i^ear of heads or barrels of 

engine, inches of water 



ratio of density of 
barrels of 



lir at front of heads 
to standard density 



or 



(P2/Ps) 



P2 



density of air at front of heads or barrels of 
engine, slugs per foot-^ 

standard density, slugs per foot^ ^0.002373^ 



Relations like equation (1) can be set up for the 
average of all head teinperatures of all cylinders (in 
which case = I'h)^ ^^"^^ average of all barrel tenpera- 

tizres of all cylinders (T^ = '^b) ^ ^^"^ temperature 
of each individual pointed each cylinder. Limiting 
temperatures were prescribed for the rear-spark-plug 
gasket and the C7ylinder-bas3 flange. Therefore, rela- 
tions between the temperatures at these points and the 
cooling and engine conditions were required to determine 
if the cooling was satisfactory for specific conditions. 
To facilitate the anal:^3is of the data relaf'-ons like 
equation (1) were established between the cooling and 



engine 



conditions find 



Then curves of 



and TV) , 

nlotted against the spark-plug-gasket terriperature of 
cylinder and T^ nlotted against the cylinder-base 
flange ten:perature cf each cylinder were constructed 
establish the relations between the average and the 
individual terperatures . Frev3.ou3 tests on other engines 
had shown that definite relations existed between the 
average and the individual temperatures. 



each 
to 



In order to establish the relations between 
head and barrel temperatures and the cooling and engine 

conditions, tests were conducted in which i was the 

only variable, and the exnonont n^ was obtained by 

Plotting (Th - Ta)/(Tg -^Th) and (t^ - Ta)/(Ts - To) 

versus I on logarithmic coordinate paper. Then from 
tests where both 0 2^^ and I were varied the 

constants X and 



m 



Y^ere obtained by plotting 

(Tg - Th)l''7th - Ta) and (Tg - T^) '/(t^ - Ta) 

versus o^^Ji on logarithmic coordinate paper, 
lines resulted for both of the foregoing plots. 



Straight 
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Tests have shown (reference 1) that n'/m is 
ar^proxlmately 2 .for a number of cylinders and equa- 
tion (1) can be written in the form 



- ff :r~z] (2) 



and the data for an engine can be plotted on logarithmic 
coordinates according to this equation and a straight 
line will result. The symbol f denotes "function of.'' 
If the value of /n is not close to 2, the data can 
.^till be presented in the form, of equation (2) by 
substituting n^/m for the exponent 2 in that equation. 

In the present tests the indicated horsepower was 
obtained from, figure 1I4- Icnowing the carburetor-air 
temperature, engine speed, manifold pressure, and back 
pressure on the engine (obtained from the altimeter 
reading and standard atmospheric tables^ reference 2). 
Tbe indicated horsepo^^er for a given p^^, p-|^, and N 
at 60^ P carbure tor-aj-r temperature is obtained from 
the curves at the top of figure llj. and then the indi- 
cated horsepower at the temperature of the test is 
obtained hy means of the correction curve at the bottom 
of figure II4 . The curves of figure 1J4. were calculated 
from calibration curves of the m.anuf acturer by a method 
which is unpublished. The effective gas temperature for 
an unsupercharged engine varies with fuel-air ratio, 
spark setting, carburetor-air temperature, compression 
ratio, and exhaust pressure. The principal variation 
occurs when fuel-air ratio and carburetor-air tem.perature 
are varied* The variation with carburetor-air tempera- 
ture has been approximated by the following equation 
derived from tests given in reference 1: 



Tp. Tp, + o.St^ (3) 



where 



Tg. effective gas temperature at 0^ F carburetor-air 
temperature, 

T carburetor-air temperature, ^P (equals cooling- 

^ aar temperature in present tests) 
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Tests '^f several cylinders (references 1 and 5) have 
shown that Tg^ at a fuel-air ratio of O.OS is approxi- 
mately 536^^ F for the barrels and 1086^ P for the heads 
of the cylinders. These values V7ere assiraed applicable 
to the Franklin 6-AC-.298 engine. In establishing equa- 
tions like equations (1) and (2) for this engine, Tg^ 

at fuel-air ratios different than 0,03 was obtained 
from the curves of figure IS, which were obtained from 
reference Ij. because with the carburetoi' provided with 
t?ie engane the fnel-alr ratio co"nld not be varied o\^er 
a wide enough range to establish a curve like figure 15 . 

The above equations are applicable when equilibrium 
temperatures are obtained. For the case where equilib- 
rium temperature G are not obtained, as in a fast climb, 
the relation betv/oen cylinder temperatures and flight 
conditions can be obtained by methods given in refer- 
ence 3* Insufficient data, hcvvever, Vi/ere obtained in 
the present tests for satisfactory application of these 
methods and therefore the actual temperatures obtained 
during the climb test were plotted against the altitude 
for specific test conditions. 

G overling char act eristics .- The object of the following 
analysis i3 to ohtaTn cowling characteristics from which 
it is possible to determ.ine the weight of cooling air 
flowing and thus the cooling characteristics of the 
engine, from the pressure available across the cov/ling 
for given cowling-exit areas, cowling-flap angles, 
engine conditions, and flight conditions or to determine 
the exit area needed for cooling when the engine and 
flight conditions, flap angle, and weight of cooling 
air are known. 

The relation between the total pressure loss through 
the cov/ling and the sum of the losses of the duct elements 
may be represented bv the following equation: 



114. 

where 

H total prsssiire, pounds per square foot 

p static pressure, pounds per square foot 

q dynamic pressure, pounds per square foot ^pV'^ 

q^ Indicated d;^mamic pressure, pounds per square foot 

compressl'bility factor P" ' • * • ' 

M Mach number ( V/a ) 

V velocity of air, feet per second 

velocity of soiind in air (l-f-9.2JT^ + I4.60), feet 
r)er second ^ 



a 



T air temr.erature , 

a " ' 

Subscripts ; 

0 free-stream conciition 

1 station at duct entrance 

2 station at face of engine 
5 station at rear of engine 
J4. station at flap hinge 

5 station at flap exit 

The station positions are shown in the sketch in fig- 
ure 16 . 

The flov; losses through any part of the duct system 
can be approxi-nated by the following equation provided 
the cowling geonietrv does not change? 

AH = C (5) 

where 

p average density of the air for the part of the 

system in question, slugs per foot^ 
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X an exponent whose value is near two 

C a constant 

W weight of air nassing through the system, pounds 
per hour 

For low speeds, low altitudes, and small heat innuts 

p in equation (5) Is approximately equal to and q^ 

can be used in place of q^.^ with little error. For 

such conditions and substituting appropriate values for 
the constant in equat^on (5) for each pert of the system 
equation (ij.) can he approximated by the following 
equations 

(6) 

whe re 

W weight of air passing through cov^llng, pounds per 

hour 

C p,Cp 7, etc. constants associated with pressure losses 

from stations 1 to 2, 2 to 3, etc. 

Cj- a constant associated vvith the dynamic pressure in 
the cov/ling e^iit 

flow area at flap exit, square feet 

X a constant 

Although the dynamic nressure at the exit varies as 
(w/Ar the assumx-ption was made that it varied as 

(W/A^)^^ ^ -^^"^ cl^se to 2 as mentioned previously. 

Then from equation (o) 

Hi - P5 - (ci.2 C2.5 c,.^^ ^ c,,_5 . ^^ ^ (7) 
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On the basis of the foregoing assimiptions, the 
pressure loss across the engine is? 

AH H2 - 

) 

o 



=^ Op.^ — (8) 



Equation (G) is a basic equation giving the relation of 
the ooo3irg-air-f lov7 rate andctensity to the loss in total 
pressure across the engine o 

The rp^tio of the loss in total pressure across the 
engine to the difference betwev3n the total pressure at 
the cowling inlet and the static pressure at the cowling 
exit is obtained by d'viding equation (6) by equation (7)- 
Or 

H2 - ^ Cp,3 

= ^^(Ac^) (9) 

The syrabol ^l^ denotes "function of." The pressure -drop 
ratio of eqviation (9) depends only on the exit area. 
Vil'ien the variation is Irnown it is possible to predict 
(H2 - Hj) i'cr given values of E^^ and p^. . 

With the propeller removed and vri th a good inlet 
there is usually no less between stations 0 and 1 due 
to external expansion of the air or H^ ~ H]_ is about 

equal to zero. If a propeller having airfoil shank 
sections is operating in front oT tho cowling inlet, 
the inlet pressure E^. '^^^Y be greater or less than H^ 

by an amount depending on the thrust loading of the 
propeller, the angle of attack a of the airplane, and 
the location and shape of the inlet. The relation between 
the free-stream and inlet-total pressures for a given 
inlet may be ex^oressed bv the following equation: 

^ = 0 (Tc, a) (10) 
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where 





thrust coefficient {T/p^V^^I)'^) 




rn 


propeller thrust, poiaiids 




Tj 


propeller efficiency (TVq/p) 




P 


brake power of engine, foot-pounds per second 


Vo 


airplane speed, feet per second 




D 


propeller diameter, feet 




Po 


density of air in free stream, slugs 


per foot^ 


a 


anglo of attack of airplane 




0 


denotes "function of" 





Per a liTiitod range of flight conditions and with 
a fixed pitch propeller, the propeller-power coefficient, 

(- p/p V ^D^) is approximately proportional to Tc • 

"Per these ^conditions and because of the fact that for 

- Hi 

this t\-oe of cowling — Is practically insensi- 

tive to a, the loss or gain of total pressure from 
the free streara to the inlet may be approximately 
determined by means of the following equation: 



= i^^ (Pe) (11) 



The Sj/mbol 0^ denotes function of P^. and is different 
from the 0 used in equation (10). Equation (11) may 
be used to predict the cowling-inlet pressure for condi- 
tions of power, airsneed, and altitude other than those 
for v/hich the tests were made. 

It has been shov/n (reference 5 and other refer- 
ences not rap-ntioned. herein) that, for a given angle of 

- Pe- 
at tack, — ^ denends mainly on the cowl-flap 

1o 

setting and the local slipstream velocity. The 
effects of the slipstream have been ignored since the 
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tests were not sufficiently complete to Isolate them and 
the following expression has been used to correlate the 
oixtle t pre s sure s ; 



^o 



f ( flap angle ) 



(12) 



Thus, from a determination of the variation of 
(Ko - P5)Ao ^^'^"^^^ ^^^T^ angle for each angle of attack, 
the pressure -p^ caxi be obtained for o.ny flight 
condition, ^ 



Shamming 



up: equation (8) gives the cooling-air 
flow in terms of air density and pressure drop across 
the engine; equation (9) gives the ratio of the pressure 
drop across the engine to the difference between' the 
cowling-inlet total pressure and cxit-atatic pressure 
as a function of exit area; equation (11) gives bhe 
relation of inlet-total pressure to the propeller- 
power coefficienb and free-stream conditions; and equa- 
tion (12) gives the exit-static pressure as a function 
of exit-flap angle and free-stream conditions. 

On the basis of the foregoi ig analysis, the aero- 
d:^7namic results of the installation were reduced to 
plots of the follcwinp: form: 



^2 ^^2 " -^5^ versus W (logarithmically) 

versus Ar 



H2 - K3 



H 



P5 



Ho - Hi 



versus 



'5 



- Pr 



versus flap angle 



In determining the foregoing relations from the test 
data the v/eight of air W was determined from the 
teste with configuration A using the data obtained at 
the cowling exit with the pressure rakes and the thermo- 
couples behind the engine. The curve of (H2 - ) 
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versus W established was used to determine the weights 
of air for all ether exit areas from the pressure-drop 
data across the engine. Such a procedure was used 
because the rakes spanned only part of the cowling exit 
when the large exit areas were tested, l^o flap was 
used with the [{.I- and 75""Square-inch-cov/llng exit areas 
and the nressnres recorded in the exit were the pros- 
su.res pr according to the syrnbolization of this 
renort. In the tests v;lth the 135-2quare -inch exit the 
rakes were placed approximatoly at station ij. and the 
pressures per were calculated frojn the measured pres- 
sures assuming Hi^ equals H]^. 

Tlie densitv p2 instead of was used to 

establish the relation between 71 and (H2 ^ ) to 
correct for small changes In density that occurred 
between station 0 and 2. tts^^ of pp instead of p^ 

for determining this relation is more rigorous and 
'nvolved no comxplication in the relation. Such usage, 
however, in the other aerodynamic relations would hax^e 
complicated tl-err, unduly. 

The brake power used in determ.inlng P^^ was 
calculated by subtracting the friction horsepower 
from, the Indicated horsepower. The method of 
obtaining the indicated horsepower has been given in 
the cooling analysis. The friction horsepowei' was 
calculated from the equation 

55,000 X 2 X 12 

The fmep was obtained from the curves of figure I7 for 
the m.anifold pressure, back pressure, and engine speed 
of each test. The method of obtaining fmep from the 
curves is self-evident on the figure. 



Test Program 

Tests of the tvpe shown in the following table were 
made to determilne the cowling and cooling characteristics. 
The fuel-air ratio was maintained as close to O.O85 as 
nossible in all of the tests except test 8. The fuel- 
air ratio was varied in this test in order to attempt 
to obtain its effect on the variation of effective-gas 
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temperature. As previously mentioned, however, the 
carburetor used would not permit a large enough range 
of fuel-air ratio to establish the relation. Several 
runs of some tjnoes of tests were made for check purposes 
or to deterinine the effect of baffle and cowling altera- 
tions. A minimum of 5 minutes was allowed for the tem- 
peraturea to stabilize. 



TEST PROGRAM 



'Tost 
no . 



T3^pe of test 



Furpose of test 



Grownd test. After prelitninary clnecking of 
the engine on the gro^ond, the inaximum 
engine speed at which the engine cooled 
continuously was determined. The 
temperatures were than checked at one- 
half the foregoing speed and at an 
intermediate vSpeed , 



To determine 
ground cool- 
ing character- 
istics and 
relation between 
cooling-air f lovv 
and pressure dro*o 
across enp;ine 



'\ltitude, 1000 feet; indicated airspeed, 
30 miles per hour; throttle viide open 
wing flaps adjusted to obtain level 
flight. Data recorded for stabilized 
conditions. 



^iltitude, 10,000 feet; indicated 

maximum: throttle wide open; wing 



flar-s up. Data recorded 
bill zed conditions . 



roi 



rspeea, 
ng' 

:5ta- 



;:lt j tude, 5000 fest; indicated airspeed, 
maxi-nuTi and that for climb; throttle 
setting reduced for level flj.ght at 
the climb speed; win^ flaps iip. Data 
recorded for stabilized conditions. 
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TEST PROGRAM - Continued 



IV) 



Test 
no . 



Tvpe of test 



Altitude, 1000 feet; indicated airspeed 
varied by varying throttle setting 
level flight; wing flaps up. Data 
recorded for stabilized conditions. 



ro 



Lltitude, 1000 feet. A reference 
baffle pressure drop was read 
with a 90-mile-per-hour Indicated 
airspeed. Reference air pressures, 
all temperatures, and engine data 
were recorded after a stabilization 
period. The wing flaps were then 
lowered to increase the drag, the 
airspeed and engine speed readjizsted 
to maintain level flight, and the 
reference baffle -pressure drop and 
the reading taken again. The pro- 



cedure v;as repeated for five flap 
settings in order to 
a variation of engine DOwer as 
possible . 



obtain as great 



PuriDOse of test 



de termine 
relation 
be tween 
cooling 
air flow 
and pres- 
sure drop 
across 
engine . 



To determine 
relation 
between 
total pres- 
sure at 
cowling 
entrance 
and power 
coefficient 



ro determine 
variation 
of cooling 
character- 
istics with 
horse DOwer. 
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TEST PROGRAM - Concluded 



Test' 
no. 



T^n:^e of test 



PurDOse of test 
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V'/ide-cpen throttle climb. Airplane 

leveled off at 1000 feet and tempera- 
tures stabilized v/ith v;ide-open throttle. 
Then climbed at constant indicated air-* 
speed to the service ceiling. In the 
rear cocknit continuous readings of only 
tl}.e rear spark-plug temnorature s , one 
front and one rear-baffle pressure were 
taken due to the time element. Pressure 
represented average of the other pres- 
sures at coresnonding nositions. 



To 



determine 
cooling 
character- 
istics in 
climb . 



Altitude, 1000 feet, indicated airspeed, 
constant; engine speed approximately 
cruising speed; fuel-air ratio varied 
8 in steps over as large a range as 

possible. Change in engine power 
with change in fuel-air ratio com- 
pensated by small changes in throttle 
setting. 



To determine 
change in 
cooling 
with change 
of fuel-air 
ratio. 
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RESULTS 



gngine cooling- . - The coollng-corre.lat;L on resi^.lts 
of the level flight and ground tests are shown in fig- 
ure 18, Practically all of the cooling data for these 
tests are shovm In this figure. A few runs made during 
the latter part of the Inves cigation ?/ere not included 
because the engine v;as not operatin^i: sati cf ac tori ly. 
A single curve resulted when values of ^T^^ - Tg,^/(^Tn: " 
were plotted against values of I'^/a^AH and another"^ 

similar curve represented all of the head data. (See 
fig, 18.) These curves were straight lines on a 
logarithmic plot with a slope of 0,5 - The exponent 2 
in the abscissa was obtained from construction plots 
which have been previously described. An average of 
all the head and barrel nressures was used for AK in 
figure 18 because the pressure distribution was very 
uniform in front of and behind the engine. The 
term. O2AH was adequate for correlating the cooling 
data of the ore sent tests but for high-altitude air- 
nlanes with large heat ou.tput engines it is necessary 
to correct for change in a across the ongino before 
adeq-aate correlation can be obtained. 

Tlie relation of the spark-plug tem^^erature s of 
each cylinder to T>^ and of the flange temperatures 
of each cylinder to Tv, are shown in figures I9 and 20, 
respectively. Although some of the data do not agree 
very well with the curves dravm, no definite trend in 
the data points could be detected^ there Jus t being a 
random scatter about the curves p It is thought that 
figures I9 and 20 are fairly representative of the 
variation of individual temperatures with average 
temperatures with the exception of two or three 
thermiocouples . 

The result of the ground test v^/lth configiara- 
tion B at a speed at which the engine could be operated 
continuously is shown in table II. The results shov/ 
that at the air temperature of the test, 51*^ P, all 
temperatures were satisfactory but cylinder [j. spark- 
plug temperature was very near the limAt, 525^ F, and 
other temperatures would exceed or be near the limit 
at the GAA sea-leyel air temperature of 110^ F 
(reference 6). The allowable limit for the cylinder- 
base flange tem.perature was 350^ F. The temperatures 
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attained, in high-speed level flight at about 1000 feet 
altitude with the sarae installation configuration are 
also shown in table II. It is qudte evident that the 
engine would not cool satisfactorily at GAA standard- 
air temperatures; the head temperatures of at least 
four cylinders would exceed the limit and possibly the 
flange temperatures of two cylinders. 

The spark-plug temperatures attained in climb 
from sea level to 10,000 feet with configuration B are 
shown in figure 21 along with other pertinent data. No 
points are shown on the curves as they were obtained 
from faired curves of the data plotted against time. 
The hottest temperature occurred at the low altitudes 
and probably a couple of cylinders will be over the 
temperature limit at these altitudes if the air tem- 
perature is CAA standard. Temperatures calculated from 
the cooling and engine conditions using the curves of 
figures I5, I8, I9, and 20 shovved fair agreement with 
the observed temr>6ratu.re3 at the low altitudes. At 
high altitudes the agreement was fair except for 
cvlinders 1 and 6. inasmuch as the slopes of the 
temperature curves with altitude variation of figure 21 
for cylinders 1 and 6 are much different than the slopes 
of the curves for the other cylinders, it is thought 
that probably the thermocouple readings v/ere in error 
for these two cylinders at the high altitudes. 

Because the temperatures were hotter at low 
altitudes than at xhigh altitudes and because the 
calculated teiaperatures in climb were in fair agree- 
ment v/ith the observed temperatures which indicated 
that the latter were near the equilibrium values, 
all tests to determine the effects of changes in 
baffles and cowling were conducted at about 1000 feet 
altitude and in level flight. No original data are 
given here for the effects of these changes because 
the conditions during the tests varied and the observed 
temrjoratures cannot be compared. The comparisons of 
these temperatures calculated for specific conditions 
are given later. 

Aerodynamics of cowling installation.- The pres- 
sure d.rop across the engine foi' various air quantities 
flowing, calculated from data obtained with the 
14.1-square-inch exit, is shown in figure 22. The points 
fit the curve very well, thus giving confidence in the 
pressure measurements at the exit from which the weight 
of air was calculated. 
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Th.e relation of (Ez - E^/^Ei - to cowling- 

exit area is given in figure 25. The points are arlth- 
inetical averages of all tests made with each area 
because the variation of (II2 - Hjj/^Hi - P5) at each 

area with test conditions was small. Figure 23 shows 
the gain in what -might be called useful pressure drop 
(^2, - ^-5) ^^^^ increases. At kl-square-inch ' 

area, only about O.5 of the pressiire difference from 
front to rear of the cowling is available for cooling 
but with 135-square-inch area about 0.8 of the total 
difference is available. This Increase in pressure 
difference available for cooling results in a direct 
increase in cooling-air quantity flowing through the 
cowling and thus an improvement In cooling. 

The relation between E^, the propeller-power 
coefficient, P^., and free-stream conditions can be 
obtained from figure 2I4.. Points for all of the tests 
conducted are given in the figure. At the highest 
value of Pc a value of (Eq - Ei^^^q^ of almost 

-0.8 v/as obtained showing that the free -stream, pres- 
sure was boosted almost O.Bq^ at the cowling inlet. 

This value is much higher than pressures that are 
^-.sually obtained in inlets and indicates that the 
location and design of the inlet was more than satis- 
factory. 

The over-all loss through the cowling 
^Eq - P^^/qio is plotted in flgiur^e 25 against flap 
angle. The values of ^Hq - p^^y^o varied little at 

any one-flap setting so that all the values for each 
exit area were averaged and these averages plotted. As 
no flap was used with the )-fl- and 75-square-inch exits, 
it would be expected that p^ would about equal Po* 
That such was the case is shown in figure 25 because 
(^Eq - l?^Aio these two areas v^/as about 1.0. With 

the 50^ flap a boost of O.^q^ in - vc^^ above 

that at 0^ flap angle was obtained. No tests were made 
at other flap angles so an assumed line has been drawn 
through the data based on other test results • 

The weights of air flowing through the cowling for 
all the test 'runs are plotted in figure 26 against the 
pressure loss ^0(^1 - ^2^. The weights of air were 
obtained from, figure 22 knowing the pressure drop across 
the engine. Some scatter of the data about a line drawn 
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with the slope that -s usually obtained s apparent. 
The pressure differences v/ere so low, hov;ever, as to be 
within the accuracy of the pressure neasuring equipment. 
The loss from the cowling inlet to the face of the engine 
v/as roughly 0.2 of the free-s treani dynamic pressure. 
No curve on this basis is given for the loss (Hj - H[|_) 
as this loss was negligible. 



PREDICTED COOLING PERPORMANCS 
Effect of Cowling and Baffle Alterations 



Several cowling and baffle alterations were made 
in order to improve the engine cooling obtained with 
configuration B. These alterations are detailed in 
table I, configurations C to H. In determining the 
effect of the alterations the engine temperatures for 
configurations B to H were calculated for CAA air- 
temoerature conditions. The test values of indicated 
horsepower, brake horsepower, density of the free air, 
T^, 0 were all corrected to CAA air 

temperature. In calculating the assiomption was 

made that the drag coefficient and propulsive efficiency 
v\/ere the same for the standard conditions as for thcj 
test conditions. For grouxn.d runs it v/as assmed that 
AH of the test remained unchanged v/hen temperature 
varied. The temperatures were then calculated using 
these corrected data and figures l8, I9, 20, 25, 
and 2ijL. 

The results of the calculations for the various 
configurations are shown in table III. With the 
l+l-square-lnch exit area, conf l,r;uration B, m.ost of 
the spark-plug temxperatures and some of the flange 
temperatures exceeded the limits in the ground run 
(test 1, run 6). In the full-throttle level-flight 
test (test 5, run 2) two spark-plug temperatures 
exceeded the limit. The hottest cylinders were 
numbers 5 and (See fig. 11.) A few tests were 

conducted on the ground to determine v;hether the large 
temperature change from cylinder to cylinder was 
caused by poor fuel distribution by determ.ining the 
fuel-air ratio of each cylinder from exhaust-gas 
sample s. The fuel-air ratios of the cylinders were 
fo"!jind to be about the same. 

With the 75-square-inch-cowling exit area, ^ 
configuration C, the temperature decreased about [\.0 P 
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on the ground and aboiit JO^ P in ].evel flight at 
1000 feet altitude as ccmnared to the results with 
configuration 3. No ten:perature was over its liiriiting 
value^in the level-flight test, although cylinder 14. 
spark-plug temperature was close to the limit (315^ ^'), 
but in the groiind tests cylinders. 2, 3, ^nd l\. spark- 
plug temperature exceeded the llraiting value* 

Tests were then made with spark-olug baffles, 
a blast tube, and baffle ducts but the test results 
were inconclusive and in general little or no decrease 
in temperatures was obtained. 

Although the test results with the spark-plug 
baffles had proved inconclusive^ they were installed 
on cylinders numbers 3 and I4. when the exit area was 
increased to 155 square inches and a fixed flap was 
used (configuration H). The spark-plug teinperatures 
of cylinders 5 cind 1+ at 1000 feet altitude and in 
level flight with this con^^lguration were aecroased 
about F and the other cylinder spark-plug tempera- 

tures about 35^ ? as compared to the results with con- 
figuration C. Of course, no flap would be used in high- 
speed level flight. It was necessary to operate the 
airplane in such a manner in order to obtain data upon 
which the design of the exit, to be given in the next 
section, could be based. The engine began to operate 
unsatisfactorily at this point and the tests ware 
discontinued. No climb or ground tests were made with 
configuration H. The area of the cov/ling exit required 
for adequate cooling v;as calculated instead for both 
level-flight and climb conditions from the data that 
had been obtained up to the time of discontinuing the 
tests . 



Cowling-Exit Area for Adequate Cooling 

The cowling-exit area required for adequate cooling 
was calculated for engine and cooling conditions for the 
climb test at 1000 feet altitude for a high-speed level- 
flight test at 1000 feet altitude (test 5, run 15) and 
for a level-flight high-speed test at 10,000 feet 
altitude (test 5, run 1) corrected to CAA air temperature 
as explained in the previous section of the report. The 
areas' were calculated on the basis of no spark-plug 
tem.perature exceeding 525^ F using the corrected con- 
ditions and figures 15, l3, I9, 25, 2i,-.cuid 25. For high- 
speed level flight a flap angle o 0^ was used and for 
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climb a 50^ angle was u^eA. The results of the calcu- 
lations are given in table IV. 

The results in the table shew that adequate cooling 
Y/ill result with 63-square-inch exit area In hi/^^h-speed 
level flight at ICOO feet altitude. This conclusion is 
substantiated in table II where for approxinately the 
same conditions and 75-square-inch area the temperature 
of cylinder I|. was 515^ F. At 10,000 feet, due to the 
rapid fall off in engine oower, only 32-3quo.re-inc.h 
exit area is required. For climb at 1000 feet, a 



the conditions sot up. This was beyond the range of 
the tests and for this reason the exit area required 
has been denoted in table IV as being somovvhat greater 
than 135 square inches. There is some doubt that the 
value of 0.9 could be obtained because the curve in 
figure 23 -ls flattening rapidly. It is thought, however, 
that the engine will cool in climb with the flap pro- 
vided and 155-square-inch exit area because the tem- 
peratures fall off rapidly as altitude increases (fig. 21) 
and in addition equilibrium temperatures are not usually 
attained in climb. If the same decrease in temperatures 
is obtained on the ground as in fliglit when the exit 
area is changed from to 155 sq-^are inches and a flap 
is used, the ground cooling will be adequate. As 
mentioned previously, no tests were made to check these 
points because of unsatisfactory operation of the engine. 

To sum. up, the aerod:/namic results of the cowling 
design used were good, especially the high-cowling inlet 
pressures obtained. Any improvement in cooling will have 
to be obtained by improved fin designs on the engine 
cylinders and /or use of a cooling blower. 



With the cowling inlet relocated as in the new 
design behind the acbi^ve part of the propeller the highest 
total pressure n the inlet v/as about O.Sq^ greater 
than that in the free stream. This ures3\u-3 Is much 
higher than those usually obtained in cowling Inlets. 
With a cowl-fla-^ angle of 0^ the pressure at the cowling 
exit pc was about equal to free-streamx static 
pressure Pq. The greatest pressure difforonce (Hi • pr^ ) 



value of 




of 0.9 was obtained for 
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from covvling inlet to cowling exit with this flap angle 
was thus about I^S^q* V;ith a flap angle of 50^, the 
depression at the cowling exit was -0.5q^ giving; a 
maximim value of Hi - pt^ of H.lq^ at high values of 
propeller-povv^er coefficient. These values of Hx - p^ 

decreased to I.5 1.8, respectively, at low values 

of the propeller-power coefficient* 

The loss in total pressure from the cowling inlet 
to the upstream face of the engine with the altered 
cowling inlet was roughly 0.2 of the free -stream dynamic 
pressure. The loss from, the downstream, side of the 
engine to the cowling exit v/as negligible. With the 
altered cowling adequate cooling can be obtained in 
high-speed level flight with a cowling-exit area of 
65 square inches at an altitude of 1000 feet and 
52 square inches at 10,000 feet* It is probable that 
cooling in climb and on the ground will be satisfactory 
with 135-square- * nch-coy;ling exit area and a flap angle 
of • Further imipro vem.en t in cooling of the subject 
power-plant installation must be obtained by some means 
other than the cowling design. 
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TABLE I 

ORIGIHAL AND ALTERED POWER-PLANT IKSTALLATIOH PEATURE8 


Gonflgu- 
ration 


Cowling Installation 


Cylinder Baffle Inati 


[illation 


Ouisurafer 


Oil- 
cooler 
Instgl-^ 

latlon 


Illua- 
tratlon 

Figure 
no8« 


Inlet 


Outlet 


Exit 
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Flap 


Cool- 
ing 
air 

flow 
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baCCles 


Spark- 
plug 
bafflea 


Blast 
tuba 


Baffle 
ducta 


duct 
inetaHf 
latlon 


(as > 

received) 


Two email openings 

In nose of cowling 
above engine and 

behind the blade 
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cowling 


J 
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■TT — 

#HOP 

uou to 
c:al a • 


m 
« 

H 

o 

O 
0 


H f 

o ^ ^ 

>^ ^ 

OrH «a O 

r-f to 

O 

*H4i C -P 

tou a 4^ 
c fl^ a o 

o ao jck 




B 


One large opening In nose of 
cowling below engine and 
behind airfoil section of 
propeller 


Openlnt; at top rear of cowl- 
ing akirt 


41 


None 


e 

o 

a 
o 

0 

8 

1 
t 

u 


^31 


None 


None 


None 


1 
a 

is 

o 

:3 to 

-i 

Ot5 


S 

3 4» 

«^ c 
« t^S 
^ tiB 
•H a 

§gg 

^4 o 

r-l ^ 
OiH « 

o n S 

SSI 


3,4.6 . 
6.8. 9 


C 


75 


None 


None 


None 


None 


4 <^ 

i.8.9 


D 


75 


None 


On cyl. 
#4 


None 


None 


3,4,5,t, 


E 


75 


None 


Oci cyla • 
#4 & 6 


None 


None 


3,4,5,1, 


P 


75 


None 


On cyla» 
#4 & 6 


On cyl, 
#4 


None 


S.4,5,4, 

8,9,10 


0 


75 


None 


None 


None 

• 


On cyla, 
#4 & 6 


5,4,6,|» 
8,9,10 


H 


136 


Fixed 
flap 

30^ 


On cyla, 
#3 & 4 


None 


None 


3,4,5^C» 
7,8,9,10 
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OBSERVED TEHPEJIATTOES WITH COHFI CURAT lOH B 



ffp9 of te»t 


ground 


level fll^t 


T«et no. 


X 


5 


Bun tioa 


6 


2 




41 


41 


XiidlOAtad lior*tf0i3OiN>3P 


64 


148. e 


BrAke hora#poiier 


75-8 


121.9 


Bbglne apeed^ r#p«m* 


1810 


280D 


?\Mil*alr ratio 


0«086 


0.067 


Coollng-alT tetiiperatuara^ 


61 


60 


Carburator^^ir ta«g3Watuye# ^ 


&1 


60 


Airapaed^ mpb 


0 


154 


cr^Al# In* of TOta» 


1.26 


6,0V 




8paz<k 




Re*r 

spark 
plPfi 


Fliase 




40d 


219 


404 


236 






256 


496 


266 


9 


4^ 


093 


618 


244 


4 




274 


624 


m 


ft 


4^9 


20© 


463 


258 


€ 


489 


070 


478 


286 
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TABLE III.- EFFECT OP CQUfLIHO AKD B4PPLE ALTBRATIOHS OH C0OLI«O 

OP 



FRAKKLIN 6-AC.298 BHGIIiE (CAA A2S TEMPERATURB BAAIS). 
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Conflgur«tion 



B 



B 



P 



Test 



Run ntn»b«r 



Cowling •xit »lot ayea^ aq« irTT 



_8 



75 
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8 



T5F 



Cylinder bafflaa 



Spark»pluj; baf flea 



•8 t tube 
Cowl fla 



Cjl 
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Brtitee horsepo wer 
Sngloe speed" 



Puel»klr ratlg- 



TO7X 
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Truf airspeed. apE 
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Coollngrair temperature, (CAA) 



" g^g> In. or water 



110 



110 
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.10 

5m: 




^0 



loop" 



1 



1121: 



Hernr ana rk-olug temp.. ^ 



Cylinder 1 



"69r 



477 



44« 



619 



620 



541 



526 



Plaoge teraperature, F 



3K. 



546 



3m: 



Cylinder 1 



306 



290 



872 



3 



"353" 



909 



"535" 



R55" 



"295r 



"295" 



25r 



3S 



i 



"267 



IS 



"^r~ 



Ttaparature limit 526 P 
" ■ 330 <>F 
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no 


do 


110 
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Cylinder 4 epartc»plug temp,* *V 








a]BI» In* of water 








Are* of oowllng exit re^uir*d^ iq.in. 


«9 








i 
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Figure 2.- Front view of original cowling installation on Fleetwings model 33 airplane. 
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Front of coiv/mg 



Section A A 



figure 5.- Diagrammatic sketch ofpoi^rplont and coi^ling installation 



(a) Side view. 




Figure 4.- Fleetwings model 33 trainer with first cowling alteration 

(configaration B). 
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Figure 6.- Modified carburetor duct system in Fleetwings model 33 airplane. 
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(a) Side view. 




(b) Rear view. 
Figure 7.- Views of cowling exit with flap. 




Figure 8.- Two views of engine showing baffle installation. 





^Section through plane of B^B 




/^/^(ir-e ^ .'SketcA 3hoyv/ng i>aff/es for frank 6'AC-Z93 ert^/ne in 
FJeeti/\//ng^ mode/ 33 a/rp/ane. 



(a) Spark-plug baffle. 




Baffle duels 



Figure 10. 



(b) Baffle ducts. 
- Modifications to cylinder baffles. 




Figure \L Thermo coup/e /oc of ions for Frank/in 6^AC'^^ 

eng'me . 




Figure 12.- Front and rear cockpits of Fleetwings 
model 33 airplane showing instrumentation. 
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Inlet ' front view 



Right banK of cylinders 



Figure I3r Sketch shoeing location of static and total 
pressure tube^ in modified coaling. 
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Figure 14 - EsttrnQted mdicQted horsepower chart for 
FranKlin 6'AC'296 engine. 
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Figure 11. ' L^st imaged friction mean effeciive 
pressure chart for Frani^lin 6~ AC'^QS engine. 
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Figure I 9. ~ Voriafion of rcar-dpork-plug temperatures with 

average head temperature . 
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Figure 20. -i/ar/Qt /on of cylinder-fiancee temperatures 
with average barrel temperatures. 
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Figure 21. -Variation of engine and cooling conditions in full-throttle climb. AfONAuncs 
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Figure. 25,- Ratio of engine pressure drop to coivimg pressure drop 

oi^er a range of cotv/ing erit area^. 
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Figure 25 r Variation of ^n P.y m//Y/? fiap angle . 
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Figure ZS • ~ Va riafior) of total -press are toss from 
cowling inlet to face of engine witt\ cooling air flow. 



